Background: Numerous techniques have been developed for the treatment of disc herniation. Oxygen-ozone (O 2 -O 3 ) mixture therapy is a minimally invasive percutaneous treatment for disc herniation.
Serbülent Gökhan Beyaz, MD 1 , and Havva Sayhan Kaplan, MD 2 www.painphysicianjournal.com Stookey (3) described the clinical symptoms and anatomic location of cervical disc herniation (CDH) in 1928. Mixter and Barr (4) established a relationship between HD and sciatica and showed that laminectomy and disc excision could relieve pain associated with radiculopathy. Hijikata (5) first described percutaneous lumbar discectomy and Ascher (6) reported the use of laser discectomy. Considering these studies with the same indications, several other percutaneous techniques have been applied. Ozone C ervical radiculopathy is an abnormal process involving the nerve root, caused mostly by cervical disc herniation or cervical spondylosis. Symptoms of cervical radiculopathy include neck and brachial-radicular pain (with or without motor weakness or paresthesia) in 80-100% of patients (1) . Partial removal of the nucleus has been shown to decompress herniated discs (HD), relieving pressure on nerve roots and, in some cases, relieving disc pain (2) .
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The inclusion criteria were age 18 to 65 years and visual analog scale (VAS) scores of pain between the extremity limits (0 = no pain and >10 = worst pain imaginable), such as a sustained nerve root pain > 4/10 in the upper leg and spreading over a period of ≥ 12 weeks.
Exclusion criteria included any contraindication (coagulopathy or infection) to percutaneous chemonucleolysis techniques, any medical condition or treatment pain, drug allergy, imaging results not supporting the clinical results, the presence of cervical surgery, and incomplete data collection.
By combining anti-inflammatory drugs and physical therapy, conservative treatment can be beneficial. In addition, pressure on the nerve root associated with clinical pain was confirmed based on CT and MR imaging.
Study deSign
This study was designed to evaluate the 6-month clinical effects of intradiscal O 2 -O 3 mixture treatment in CDH patients. Information from the medical records and from the hospital electronic record system were used to gather data (in terms of age, gender, and related complications).
During the pre-procedure time intervals (baseline) and at 2 weeks (W2), 6 weeks (W6), and 6 months (M6) after the procedure, we estimated the pain level of each patient based on the VAS and the Oswestry Disability Index (ODI) scores to measure the degree of disability and estimate quality of life for those with pain.
A researcher who was not involved in the study called the patients to the hospital to collect relevant information, interviewed each patient, and recorded side effects and adverse events after the procedure.
Technique
Procedures were performed under fluoroscopy guidance and aseptic conditions with conscious sedation (C-arm x-ray system, Siemens Healthcare, GY).
A total of 50 μg of fentanyl (Talinat, Vem, TUR) and 2 mg of midazolam (Dormicum, Roche, GY) were applied for sedation, and lidocaine (Aritmal, Osel, TUR) was applied for cutaneous and subcutaneous local anesthesia. One hour before the procedure, 80 mg of gentamicin sulfate (Genta, I. E. Ulugay, TUR) was administered as a prophylactic antibiotic injection.
The patient was extended on the operating table in the prone position and a pillow was placed under his/ her shoulders for neck flexion. Next, 16 mg dexamethasone (Dekort, Deva Holding Inc., TR) and 2 mL 0.5% injection into the intradiscal and paraspinal spaces can be used to relieve pain by blocking the release of inflammatory factors and directly expanding the blood vessels to improve local circulation and reduce local nerve root edema and conglutination (7) .
Several techniques have been developed to treat disc herniation (8) . Percutaneous techniques such as percutaneous discectomy, laser discectomy, and nucleoplasty have minimized the invasive nature of these surgeries and decreased complications such as postsurgical infection (9) (10) (11) (12) .
To avoid prolonged suffering from unsuccessful conservative treatment and to minimize the morbidity associated with open surgery, many surgeons have explored alternative methods of decompressing a pathological disc. Intradiscal injection of ozone (O 3 ) gas was first proposed in the 1980s as a treatment for disc herniation (13) . Oxygen-ozone (O 2 -O 3 ) mixture therapy is a minimally invasive treatment for disc herniation that exploits the biochemical properties of ozone. The O 2 -O 3 mixture not only oxidizes proteoglycan in the nucleus pulposus leading to shrinkage of the disc that is compressing the nerve roots but also provides antiinflammatory effects and pain relief (14) .
Our 
Patients
The study was conducted between Jan. 1, 2012 and May 31, 2016 on patients visiting the pain clinic. Patients typically experienced cervical discogenic or radicular pain that was unresolved after conventional treatment or cervical interlaminar/transforaminal epidural steroid injection therapy. Written informed consent was obtained from all patients. A sample of 44 patients who underwent O 2 -O 3 mixture therapy were evaluated and observed until the end of the follow-up period (6 months); patients were excluded if they did not remain in the study for 6 months.
Bupivacaine (Bustesin 0.5% Vem, TR) were injected into the epidural space from C6-7 or into the C7-T1 interlaminar space under fluoroscopy guidance.
The patient was brought to a supine position for the procedure and a pillow was placed underneath of the neck and shoulders, resulting in a minor hyperextension. All interventions were performed with a 22-gauge/10-cm spinal needle. An anterolateral approach was used to place the needle into the intervertebral disc space. A right-sided approach was preferred in all cases due to the presence of a left esophagus.
The spinal needle was injected through the larynx and jugular-carotid vessels with laryngeal subluxation until reaching the anterior longitudinal ligament with continuous longitudinal fluoroscopic control. The needle was then moved forward towards the center of the disc area. The needle location was confirmed by anterior-posterior oblique and lateral images under fluoroscopy guidance (Fig. 1) . A total of 4 to 5 mL of O 2 -O 3 mixture was injected at a concentration of 20 µg/ mL. After injection, fluoroscopic imaging was repeated, and the procedure was concluded.
Post-procedural Care
Patients were monitored for half an hour after the procedure in the post-anesthetic care unit, and were then transferred to the pain service. Three hours after injection, PA and lateral radiographic images were obtained for all patients. Patients were then discharged without any complications and were told to take an anti-inflammatory, antibiotic, and analgesic drug for 10 days. A soft cervical collar was prescribed for 3 days to limit movement of the neck and provide splinting and rest in a relaxed position. Three months after the procedure, the control BT scan was requested.
Statistical Analysis
Analysis was performed on the VAS, ODI, and DN-4 values collected from all patients before treatment and at W2, W6, and M6 postoperatively. To detect statistically significant changes in the VAS and ODI scores during the post-treatment period compared to the pretreatment period, we used a paired t test and Wilcoxon matched-pairs signed rank test.
Differences between pain intensities at the 4 time points (baseline, W2, W6, and M6) and between each time and residual pain were assessed using the KruskalWallis or Mann-Whitney test. The influence of categorical variables (gender, disc level, location of the herniation, etc.) was assessed using the t-test, Mann-Whitney test (for multiple comparisons), or the Kruskal-Wallis test followed by Dunn's multiple comparisons test (if the Kruskal-Wallis test was globally significant). Differences in pain intensity across groups defined by the above variables were assessed using the Kruskal-Wallis test (in the event of a significant difference) followed by Dunn's multiple comparisons test. P-values < 0.05 were considered significant. We computed 95% confidence intervals (95% CIs). Statistical analyses were performed using SPSS (version 9.0; SPSS, Chicago, IL, USA).
ReSultS
This cross-sectional observational study was designed to analyze the success of intradiscal injections of an O 2 -O 3 mixture in patients with CDH. Patients were interviewed in person using a follow-up questionnaire. Forty-four [16 men (36.4%) and 28 women (63.6%)] of the 78 (56.4%) were contacted, while the remaining patients did not answer the follow-up questionnaire (n = 34) due to either a missed phone call or not wanting to respond. Table 1 summarizes the baseline demographic and clinical characteristics of the 44 patients.
Clinical success with O 2 -O 3 therapy was defined as a 2-and 15-point decrease in the respective VAS and ODI scores compared with baseline values at W2, W6, and M6 after treatment. Successful outcomes were obtained, with patients reporting pain relief at a rate of 93.1%, 95.4%, and 97.7% at W2, W6, and M6, respec- www.painphysicianjournal.com tively. Only 1 patient (2.2%) experienced failure in pain control (a poor outcome). The clinical efficacy rates were also evaluated based on patient satisfaction using a 4-grade scale where 1 shows the least satisfaction and 4 shows the highest satisfaction at the final check. After 6 months, 61.3% of patients were extremely satisfied, 27.3% were fairly satisfied, 9.1% were moderately satisfied, and 2.3% were poorly satisfied.
Evaluations of pain intensity values on the VAS and ODI scores at baseline and at W2, W6, and M6 after the procedure are shown in Figs. 2 and 3 , respectively. The mean VAS score was 7.89 ± 1.13 before the procedure, 4.22 ± 1.62 at W2, 3.03 ± 1.66 at W6, and 2.27 ± 1.25 at M6. Statistically significant differences were achieved following treatment when the baseline VAS scores were compared to VAS scores at all follow-up periods ( Table 2 ). The average improvement in the VAS score was 3.68 ± 2.08 points at W2, 4.87 ± 2.10 points at W6, and 5.77 ± 1.94 points at M6. The P-value was < 0.0001 for all follow-up points. Furthermore, statistically significant differences were observed between the follow-up periods (P < 0.05). Thus, a 73.1% decrease in the average VAS score was observed compared with the baseline values at the final follow-up. As shown in Table 2 , statistically significant improvements in the functional status of the patients was achieved based on a 68.9% reduction in the ODI score. The average reduction of ODI from baseline to W2, W6, and M6 was 17.57 ± 6.10, 23.27 ± 5.59, and 28.04 ± 4.04, respectively, with a P-value of < 0.0001 (Table 3) .
No significant complications or side effects were reported during or after the procedure. After the procedure, one of the patients (2.2%) reported hoarseness and was referred to a specialist, but showed spontaneous improvement over a period of 1 week without any medication. Some of the patients reported discomfort such as sore throat, dysphagia, neck stiffness, and transient increases in pain of CDH after their procedure. These minor side effects spontaneously resolved within the day of the procedure or within one day, and no patients required hospital admission for management.
diScuSSion
Minimally invasive approaches for CDH include intervertebral disc discectomy, chemonucleolysis (O 2 -O 3 mixture, radiopaque gelified ethanol, etc.), laser decompression, and radiofrequency ablation (15) . Satisfactory clinical outcomes with good patient compliance, cost effectiveness, and decreased length of patient hospital stay are potential benefits of these approaches. Recent studies are exploring O 2 -O 3 therapy for CDH, but studies examining the lumbar disc are more common. Intradiscal ozone therapy has been used to provide long-term relief of lumbar back pain (16) . However, current studies have only evaluated the efficacy and safety of intradiscal ozone injection therapy for CDH. This study was designed to evaluate the efficacy of intradiscal O 2 -O 3 mixture chemonucleolysis therapy for CDH.
The suspected mechanism of this method is shrinkage of the nucleus pulpous structure of the HD, as well Duration of pain, n (%)
• < 6 months 8 (18.2%)
• 6 months-1 year 10 (22.7%)
• 1-5 years 20 (45.5%)
• > 5 years 6 (13.6%)
Previous treatment, n (%)
• pharmacology 44 (100%)
• physical therapy 23 (52.3%)
• other* 4 (9.1%)
• none 0
• Pre-treatment surgery 0
Indication for surgery, n (%) 9 (20.4%) Disc lesion location, n (%)
• C3-C4 2 (4.5%)
• C4-C5 10 (22.7%)
• C5-C6 37 (84.1%)
• C6-C7 24 (54.5%)
• More than single level 25 (56.8%)
Abbreviations: O 2 -O 3 , oxygen-ozone mixture treatment; W2, postoperative 2 weeks; W6, post-operative 6 weeks; M6, post-operative 6 months; Baseline, pre-operative; SD, standard deviation; BMI, body mass index. *Chiropratic, mesotherapy, acupuncture, paravertebral infiltration; **more than one herniation at different spinal levels (19) reported highly significant correlations between HD reduction percentage and VAS, ODI, and patient satisfaction evaluations after 6 months. The HD size reduction was more than 50%; this can be interpreted by the nucleolysis described by Zhang et al (20) . They reported that the O 2 -O 3 mixture was sufficient to reduce disc size and alleviate pain. They also recommended use of the O 2 -O 3 mixture before a surgical intervention or when surgery was not possible. In our study, patient satisfaction was very high due to the high success rate of ozone treatment of disc herniation in the cervical region. In addition, patients experienced improved functional ability and symptom relief with adequate decompression of the neural elements (Fig. 4) . Patients unresponsive to conservative care were treated with intradiscal O 2 -O 3 , and 88.6% of patients were satisfied, 9.1% were moderately satisfied, and 2.3% were poorly satisfied. Only one patient (2.2%) considered their treatment a failure. The proposed therapeutic action of cervical intradiscal O 2 -O 3 mixture chemonucleolysis was explained by Alexandre et al (9) , who examined a total of 252 patients treated in different centers. Pain symptomatology was eliminated completely in 79.3% of patients (200 patients), improved in 9.9% of patients (25 patients), and poor in 10.7% of patients (27 patients). A previous report by Li et al (2) showed 126 consecutive patients with contained CDHs treated by percutaneous cervical nucleoplasty. The rate of excellent and www.painphysicianjournal.com (12) reported 75% excellent or good satisfaction rates at long-term follow-up (12 months). In a previous study by Muto et al (12) , 2,200 patients were treated with intradiscal and foraminal ozone injections and followed for 18 months. The effectiveness of ozone injection was highest in cases of single-level disc herniations (64% excellent and 14% good or fair) where maximum improvement was at 6 months and the results were stable to 18 months. Buric (13) et al treated 108 patients and performed 10-year follow-up through phone interviews for 86 patients after intradiscal ozone injection for LDH. Of the 86 patients that responded, 2 (2%) were "worse," 5 (6%) were "the same," 40 (47%) were "better," and 39 (45%) were "much better." A total of 92% of respondents reported that they did not have an episode of similar radiating pain after injection (13) .
Fig. 2. Boxplot of the data from Oswestry Disability Index (ODI) scores recorded at baseline, 2 weeks (W2), 6 weeks (W6), and 6 months (M6) after intradiscal injection of ozone-oxygen. The index is expressed in percentage points and ranges from 0% to 100%. The lower limit corresponds to the absence of disability and the upper limit to the maximum degree of disability (patients are bed-bound
A significant decrease in pain and disability score was observed in our study, which continued up to 6 months follow-up after cervical intradiscal ozone injection. Higher ODI and greater VAS pain score improvements were measured for symptoms of CDH during the follow-up period ( Table 2 ). The mean VAS score was 7.89 ± 1.13 before the procedure and a decrease of 73.1% was observed compared with baseline values at the final follow-up. The improvement in functional status of the patients was supported based on a 68.9% reduction in the ODI score. Ankur et al (17) evaluated 31 consecutive patients with lumbar disc herniation (LDH) for the efficacy of intradiscal O 2 -O 3 mixture therapy. Therapeutic outcome was assessed according to the VAS and ODI scores at a follow-up period of 1 year. Ozone resulted in a significant reduction in VAS and ODI scores compared with baseline values (VAS baseline was 72.7, ODI baseline was 45.5) at 2 weeks (63.2 for VAS and 36.5 for ODI), at 1 month (40.9 for VAS and 33.3 for ODI), at 3 months (42.6 for VAS and 28.8 for ODI), and at 6 months (35.8 for VAS and 25.2 for ODI). Muto et al (12) explored intradiscal O 2 -O 3 mixture injection, a minimally invasive percutaneous technique for the treatment of LDH. They evaluated pain relief on VAS scores at long-term follow-up for 12 months compared to baseline and observed a reduction of more than three points in 85% of patients. They also reported the significant therapeutic action of lumbar intradiscal O 2 -O 3 mixture chemonucleolysis 
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with an approximately 30% reduction in ODI scores at long-term follow up.
There are several potential complications secondary to O 2 -O 3 mixture treatment, including infections, bleeding, nerve damage, worsened pain, failure of the technique, recurrence of herniation, spinal cord injury, carotid artery, jugular vein, and trachea damage (2, 7, 12) . However, a majority of these studies did not evaluate complications. In this report, patients were carefully evaluated to identify any complications. There were no major complications observed associated with the procedure during and after the injection. Only one patient (2.2%) complained of hoarseness at 3 days postsurgery and was referred to a specialist. This symptom was likely due to irritation of the recurrent laryngeal nerve in the injection site and improved spontaneously over a period of 1 week. Some patients experienced minimal discomfort such as sore throat, dysphagia, neck stiffness, and a transient increase in pain at the injection site due to needle insertion, which resolved spontaneously on the day of procedure or within one day. This is a novel application of percutaneous intradiscal techniques for treating spine disorders at the cervical spine; however, complications have been reported. Cervical spondylodiscitis (18) , pyogenic discitis, and spinal epidural abscess (14) have been observed; these complications are rare but have a high morbidity if neurological and functional deficits occur.
Our study has several limitations. First, this study was observational, which limited our ability to obtain follow-up data. In addition, this study was performed using a small patient group. We believe that prospective, multidisciplinary studies with a larger series are required. In addition, it is important to have a control group to evaluate the effectiveness of treatment; the lack of a control group is another limitation of this study.
Our study has several strengths. First, a literature review was conducted on the outcome of cervical intradiscal ozone injections, and we found that primary outcome measures included pain relief (excellent, good, poor) and patient satisfaction (very satisfied, satisfied, or unsatisfied). These studies showed a significant difference between baseline and follow-up periods. However, none of these studies used the VAS score for pain and ODI scores for measuring pain intensity reduction as primary functional outcomes in the cervical region (excluding some studies in the lumbar region). In our study, the primary outcome measures included VAS and ODI scores, as well as patient satisfaction as a secondary outcome measure. Second, all interventional
